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p63 and p73 in Tumor Suppression and Promotion

Frank D. McKeon, Ph.D.
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The recent discovery of two genes, termed p63 and p73,
encoding transcription factors highly homologous to p53
presents unexpected challenges and opportunities for the
understanding and treatment of cancers. The questions raised
are many but center on determining whether these new genes
possess novel tumor suppressor functions, cooperate with
p53, or impart oncogenic effects. At present there is
considerable discord in the field concerning these concepts
with some favoring a tumor suppressor role for the p53 family
members and others an oncogenic influence. In support of
a tumor suppressor role is the ability of p73 and p63 isoforms
to transactivate p53 target genes and the large body of work
linking p73, and to some extent p63, in apoptotic events in
response to cellular stresses generally considered the purview
of p53. More recently, p73 has been implicated in cell death
following T cell activation, the response of cancers to
chemotherapy, and finally, along with p63, to the function

Evidence for a p53-like gene was first published in 1997 (16)
in which it was designated “p73” to honor the original member
of the family discovered by Levine and Lane nearly two
decades earlier (17,35). p73 was more than just a member of
the family- the similarity of the DNA binding domains of p73
and p53 was such that p73 transactivation activity was readily
followed using the standard promoter-reporter constructs
developed for p53. Thus it was apparent that, at least under
experimental conditions, p73 had the potential to regulate p53
target genes. Additionally, p73 overexpression triggered
apoptosis in many established cells and therefore mimicked yet
another feature of the vaunted tumor suppressor (15). The simi-
larities did not end there, however, as in situ hybridization
showed that the p73 gene was ensconced in the center of a
region of chromosome 1 known to harbor one or more tumor
suppressor genes involved in neuroblastoma, breast and prostate
carcinoma, as well as melanoma (16,30). Therefore p73 not
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of p53 itself. Opposing this view is the fact that the p73
and p63 genes are rarely mutated in cancers and the stark
absence of tumors in the p73 null mouse. Moreover, the
high expression of dominant negative (dn) versions of the
p73 and p63 proteins supports an anti-p53 function and
therefore possibly an oncogenic effect. Indeed, the p63
gene is located in a region of chromosome three amplified
in squamous cell carcinomas and the number of reports
of dn-p63 overexpression in these diseases is increasing.
This review will examine both sides of these arguments
in an attempt to decipher common themes and to identify
opportunities these genes represent for understanding
tumorigenesis. (Cancer Research and Treatment 2004,36:
6-12)
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only looked like a tumor suppressor but was a candidate for
one of the long sought tumor suppressors in the 1p36.3 locus
lost in many human cancers.

The discovery of the p63 gene came one the heels of the
p73 description and was presented by at least five labs within
a short time frame (2,21,26,28,31). Probably the most in-
teresting revelation from the p63 cloning was that this gene,
unlike p53, expressed transcripts off of two promoters and gave
rise to multiple transactivating (TA) and N-truncated, po-
tentially dominant negative (DN) isoforms (31)(Fig. 1). This
gene structure was also found in p73 (34) such that it too
produced both TA and DN isoforms. The significance of these
findings was that these newly described genes might not only
mimic p53 but potentially counteract p53 function as well.
Additionally, the p63 gene was, unlike p73, not located in
within a tumor suppressor locus but rather within a region of
chromosome 3 that is in fact amplified in many cancers (11).
Thus p63 location might implicate it more as an oncogene than
as an obvious tumor suppressor. Regardless, the immensely
complex structures of the p73 and p63 genes promised major
challenges to understanding their functions with and besides
regards to the p53 gene.
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Fig. 1. Structure and gene products derived from p73 and p63. The p73 gene (human chromosome 1p36.3) and the p63 (chromosome
3q 27) were derived by gene duplication and maintain overall similarities as depicted schematically. Each of these genes is
distributed over approximately 200Kb of their respective chromosomes and not drawn to scale. Two major promoters, shown here
as TA and DN, give rise to gene products having either acidic N-termini common to the transactivation domain of p53, or to
somewhat truncated isoforms that lack this domain and therefore denoted as DN. Color coding is presented to indicate the exonic
origin of the various domains within the gene products, and the C-terminal splicing variants are indicated in the genomic diagram.
A schematic of the single p53 gene product is shown for comparison. The DNA binding domains of p73 and p63 share more

than 60% amino acid sequence identity with p53.

p73 as a Trigger for Apoptosis in Response
to DNA Damage

Some of the very early functional experiments done with the
original TA isoform of p73 indicated that it could trigger
apoptosis when expressed in cells in culture (15). In addition,
this work showed that p73 could also cause cell cycle arrest
through the transactivation of the p21 gene. Thus in every way
p73 was acting, at least under experimental conditions, in a
manner reminiscent of p53. From that initial point investigators
examined the apoptosis generated in cancer cells that had
mutant p53 (1,10,36,29). Cisplatin treatment of cells was linked
to an enhanced steady state level of p73 and followed by
increased apoptosis that was shown to require non-receceptor
tyrosine kinase c-Abl. Parallel studies revealed that ionizing
radiation could also influence p73 activity, this time by
increasing the degree of phosphorylation of p73 by c-Abl. Thus
multiple reports detailed apoptotic responses in which p73 was
at the heart of an alternate path to cell death triggered by any
number of cellular stresses that constitute the basic approaches
to chemotherapy. The inevitable conclusion here was that p73
was acting somewhat as a backup for p53- it could carry on
after p53 was wiped out. More ominous, however, was the very

exciting finding that some mutant forms of p53 form strong
interactions with p73 in a way not dependent on the
oligomerization domain but more likely with the DNA binding
domain of p73 (5). By this mechanism a single mutation in p53
could also inactivate p73 and therefore take out what could
represent a parallel system of controls governing the response
to cellular stresses in precancerous cells. Validation for this
notion came from studies of p53 mutation patterns in squamous
cell carcinoma (19). For some time investigators had noticed
the preferential mutation and retention of one of two p53
polymorphisms at residue 72. Commonly an ARG or a PRO,
the squamous cell tumors show a strong bias for the ARG
allele. Remarkably, the ARG p53 allele is also the one that
interacts most strongly with p73 therefore providing hints into
the molecular mechanisms by which this bias originates (Fig.
2). This work also provides strong support for the importance
of inactivating p73 in the process of tumorigenesis. The overall
clinical significance of p73 status has been highlighted recently
by the finding that p73 plays an important role in chemo-
sensitivity of cancer cells (14). In this work it is shown that
a large number of drugs used in chemotherapy induce p73
expression, and that the disruption of p73 expression, either
through the use of dominant negative p73 constructs or siRNA
enhances the chemoresistance of the tumor cells. Consistent with
earlier studies, p53 mutants known to interact with p73 also
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Fig. 2. Potential interactions between p53 and p73 in response to cellular stress. Schematic on left depicts the possibility that p73 shares,
with p53, the function of responding to cellular stresses including oncogenic signaling and DNA damage by invoking cell cycle
arrest and/or apoptosis. The middle schematic argues that in the absence of p53 function, p73 can cover at least some of these
functions and therefore assume the activities of a tumor suppressor gene. The panel on the right indicates a p53 polymorphism
at codon 72 (Arg) commonly retained in certain cancers. Studies have shown that the Arg polymorphism, as opposed to the Pro
polymorphism, confers onto p53 the ability to bind to and inhibit p73 thereby suppressing both pathways to the response to cellular

stress.

enhances the resistance of cells to chemotherapy. These data not
only support a role for p73 in cell death but also lend credence
to the notion of gain of function alleles of p53. Together these
findings underscore the ability of the p73 protein to mediate
p53-like functions in lieu of p53. This quality, coupled with
p73’s stabilization in response to chemotherapy, suggests its
eventual use in gene therapy trials for cancers.

p73 as a Critical Player in E2F1- and
Activation-Induced Cell Death

The E2F1 gene has come under considerable attention for its
ability to promote cell death in response to cellular stress and
has been generally attributed a role in tumor suppressor
pathways (23). E2F1 can kill cells in both p53-dependent and
independent ways. In a remarkable set of experiments, several
laboratories managed to link the p53-independent means of cell
death to p73 (13,18,27). The first set of experiments started
with the ability of E2F1 to trigger cell death and then showed
that E2F1 expression was sufficient to trigger the transa-
ctivation of the p73 gene and the induction of p73 protein
(13,22,27). Significantly, the authors showed that in p53 mutant
human cell lines and murine embryonic fibroblasts (MEFs)
lacking p53, E2F1 expression also promotes apoptosis and does
so in a way largely dependent on p73 (Fig. 3). Accompanying
this work was another exciting study based on an earlier
observation that E2F1 deletions in mice lead to increases in T
cell number and splenomegally. Given that E2F1 can tran-
sactivate p73, the authors figured that p73 might mediate
mature T cell apoptosis. A model for this form of T cell death
is activation-induced T cell death (AICD) where T cells are
overstimulated by activation of their T cell receptors.
Interestingly, the authors not only showed that p73 is greatly
induced by the activation of the TCR, but that p73 itself is
essential for the cell death that follows this activation step (18).
Thus p73 is shown to be important not only for pathways of
cell death in chemotherapy but also for those that might
underlie regulation of the immune response.

V.

p73 locus

Fig. 3. Activation of p73 transcription in activation-induced cell
death. The promoter for the TA-p73 gene has several E2F
sites and is activated by E2F-1. This phenomenon appears
significant for the process of activation-induced cell death
in T cells, which is known to operate independently of the
p53 gene.

p73 and p63 Roles in Supporting p53 Function

Most of the experiments put forth to argue for p73’s and p63’s
roles as tumor suppression have yielded data consistent with
that notion but suffer, to a greater or lesser extent, from
nonphysiological design features. For instance, they usually
involve p73 or some other factor that is overexpressed from
exogenous promoters, a host cell from an established cell line
derived from human tumors, and cellular stress programs only
thought to mimic those facing cells in vivo. Therefore it was
tremendously exciting to see the analysis of p73 and p63
function in genetically defined cells and mice (7)(Fig. 4). In
particular, this study examined the roles of all of the p53 family
members in the apoptotic response of MEFs to DNA damaging
agents. As is standard in such analyses of p53-dependent cell
death in MEFs, these cells were pre-programmed with the E1A
oncogene that acts to sensitize the cells to apoptotic pathways.
In this case, doxorubicin was used to introduce DNA damage
in a process that kills a majority of the EIA MEFs over a
period of 30 hours. Significantly, the absence of p53 abrogated
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Fig. 4. Potential functions of p73 and p63 downstream of p53.
Recent experiments using genetically defined, E1A pro-
grammed murine embryonic fibroblasts have argued for
the dependence of p53 function on the p53 homologs p73
and p63. In particular, the loss of both p73 and p63 blocks
p53-induced apoptosis in response to DNA damage in
these cells. The parallel pathways depicted downstream of
p53 reflects the response to DNA damage in cells missing
either p73 or p63, which still includes apoptosis although
the overall death is somewhat diminished.

much of this doxorubicin-induced cell death, indicating that
neither p63 nor p73 was sufficient to assume this function in
the absence of p53. However, further studies revealed a
remarkable and unexpected property of the p53 homologs. The
absence of either p73 or p63 resulted in a significant loss of
pS53-dependent cell death due to doxorubicin, though not nearly
the effect of losing p53. Remarkably though, the loss of both
p73 and p63 resulted in E1A-MEFs that were highly resistant
to doxorubicin to a degree approximating that due to a genetic
loss of p53. These experiments in E1A-MEFs were followed
up with the analysis of apoptosis in fetal brain resulting from
gamma- radiation (5 Gyr), another p53-dependent pathway of
cell death. As expected, embryos lacking p53 showed very low
levels of neuronal cell death due to this radiation. Again,
however, the loss of p73 and p63 mimicked the effects of a
p53-deficiency. The inevitable conclusion of this work was that
the homologs were somehow required for p53-dependent cell
death even though they had no ability to mediate doxoru-
bicin-triggered cell death in the absence of p53. If these genes
were not acting autonomously by paralleling the actions of p53
in transcriptional programs, how were they working? The
authors examined the promoters of genes transactivated by p53
in response to DNA damage and noted that in wild type E1A
MEF cells, both p53 and p63 could be seen at most of these
sites by CHIP analysis. Intriguingly, in the E1A-MEFs lacking
both p73 and p63, many of these genes, including PERP, Noxa,
and Bax, showed no p53 binding to their regulatory DNA se-
quences. While the mechanistic significance of this finding is

Frank D. McKeon : p53 Family in Cancer 9

Proto- {Mollusks TAp63-SAM
stomes Arthropoda

TApP63-—
SAM
Deutero- {
TAp63-SAM
stomes Chordata AN’;63-SAM
(Gain of intronic
promoter)
TAp63-SAM
ANp73-SAM
(Gene duplication)
p53
(Gene duplication,
loss of
intronic promoter)

Fig. 5. Evolution of the p53 family. The evolution of the p53
family is presented based on incomplete data from genome
analysis efforts. Significantly, the original member of the
family, TA-p63-SAM, is also the most conserved. For ins-
tance, after the major bifurcation of the animal kingdom
to protostomes and deuterostomes, TA-p63-SAM is found
in both arms including mollusks and chordates. It is in
chordates, however, where the majority of developments
in the family occur, including the gain of the DN promoter
in p63, the duplication of this gene to give rise to p73,
and the duplication of the p73 gene to give rise to p53.
This latter duplication apparently fails to maintain the
internal, DN promoter in the p53 gene. Interestingly, the
appearance of p53 in vertebrates is indistinguishable in
time from that of p73 and the DN- isoforms of p63,
suggesting the possibility that they co- evolved due to
some functional requirement.

not obvious, one possibility is that p63 and p73 somehow
recruit or stabilize the binding of p53 at promoters critical for
the apoptotic response to DNA damage. The implications of
these findings are immense with respect to the roles of p73 and
p63 in tumor suppression. They suggest that neither one is
essential for p53 function and yet together they are essential
for p53 function. These data might also explain why neither
of these genes is mutated in cancers. The possibility that both
genes would be mutated before the p53 gene is altered would
be unlikely and therefore there is a strong selection for p53
changes but not of the other two family members. Probably the
major experimental liability of this work was the use of the
E1A gene to potentiate the apoptotic response to doxorubicin.
The ability of E1A to affect major cell cycle pathways in the
cell is well established and therefore presents a cellular envir-
onment different from that of a wild type cell, although in ways
we do not fully comprehend.

Absence of Tumors in p73-null Mice

Despite the groundswell of data supporting the tumor sup-
pressor functions of p73 and p63, the mouse knockout models
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have been surprisingly uninformative on this issue. The p63
knockout mouse (32) lacks many epithelial tissues, including
skin, due to the lack of underlying stem cells and therefore die
soon after birth. Mice bearing conditionally disrupted p63 genes
are in production that may permit the analysis of this gene in
specific tissues. Regardless, determining the consequences of
losing p63 on tumorigenesis is therefore not possible with this
mouse model. The situation is much different for the p73 null
mouse because some of these mice live to be 15 to 20 months
and therefore can be followed for tumors (34). In fact the early
mortality in these mice is not due to tumors but rather linked
to malnutrition, hydrocephalus, or idiopathic gastrointestinal
bleeding. In the mice that survive past the first thirty postnatal
days, most live to advanced age. Nearly 100 of the p73-null
mice have been analyzed for tumors at three to 12 months.
Tumors are rare in these mice and appear at a rate similar to
that seen in wild type mice. This has to be contrasted with the
findings with either p53 homozygous or heterozygous mice,
which show very high rates of tumor development (6). The
bluntness of this observation is curious in light of the immense
amount of data supporting p73’s tumor suppressor function.
Whereas this result could be explained and diffused by several
arguments that would leave p73’s role as a tumor suppressor
intact, it is probably important to keep the mouse phenotype
in view at these debates.

Oncogenic Functions of p73 and p63: the Evo-
lutionary Viewpoint

The discovery of the dominant-negative isoforms of p63 (31)
and of p73 (34) set in motion an entirely new possibility that
these genes could actually have functions that oppose those of
p53. Indeed in transcriptional assays in cells 4/N-p63 and 4
N-p73 can neutralize p53 transcriptional activity by simple
competition for binding sites on p53 promoter reporter
constructs (34). The question becomes whether cancers can be
initiated in some epigenetic manner by /N-isoforms expression
without the need to mutate p53. This issue was initially raised
by the mapping of the p63 gene to chromosome 3q27-a region
known to be amplified in a wide range of cancers (11).
Unfortunately the amplified region is large and contains many
genes, including candidates for potential oncogenes such as a
catalytic subunit of PI3 kinases (25). Regardless of the
amplification issue, there is recent evidence that high levels of
p63 expression, especially of the //N-isoforms, is a common
feature of squamous cell carcinomas of the head and neck as
well as other areas (8,12). What is lacking in this scenario is
definitive evidence that p53 is suppressed by p63, especially
in some epithelial cancers that derive from cells that express
copious amounts of p63 such as skin and other squamous
epithelial tissues. Experimentally this is difficult to obtain and
hard to quantify if attempted. If such an interaction between
these genes did exist, especially between /N-isoforms and p53,
we might expect to see this reflected in the evolution of the
family. Our analysis of the evolutionary relationships amongst
the p53 family yielded several surprising results (33). The first
is that the single p53-like gene in flies and worms was in fact
more related to p63 than to p53 as argued (4,20), and that the

original member of the family, widely distributed and con-
served in many phyla, was in fact p63. The second is that in
all phyla but Chordata, the only isoform of p63 is the
transactivating “TA” version (Fig. 5). Thus in mollusks we see
a highly conserved version of TA-p63 complete with a
C-terminal SAM domain observed in human TA-p63 alpha,
indicating that this was the original gene structure before the
split between deuterostomes and protostomes (9). The im-
mediate implication of this is that unlike p63, p53, as well as
p73, are only seen in vertebrates. As important, the first time
we see the dominant negative isoforms of p63 and for that
matter of p73 are seen in vertebrates. These observations
suggest an explosion of this gene family which must have gone
along the lines of the following: the p63 gene assumes a new
internal promoter that give rise to the /N-isoforms; this gene
is duplicated to give rise to p73 which also has the TA and
DN promoters and consequent isoforms. The homology rela-
tionships would demand that there was another gene du-
plication, this time of p73, to give rise to p53. Somewhere the
p53 gene had to lose its internal promoter and several distal
exons such that it was left with a single isoform that we know
to be p53, the tumor suppressor. While possibly coincidence
it is curious that p53 arose in evolution along with the 4/
N-isoforms of p63 and p73, suggesting the very real possibility
that some linkage was selected for based on their interaction.
All of this forces a return to the epithelial stem cell as the
potential site for the generation of the majority of cancers that
afflict humans. Thus the stem cells for skin, breast, prostate,
esophagus, airway epithelia, and urothelia all express large
amounts of £/N-p63 such that it is in large excess over that
of p53. Whether that leads to a “p53-null” environment in the
stem cell is unclear but might be at the basis of the unusual
cell cycle potential of these cells. Our most recent estimates
suggest that 4/N-p63 is present in 10-fold excess that of p353
and therefore could interfere or at least suppress any p53-like
activity in these cells.

Conclusions and Perspectives

The advent of the p53 family has brought considerable
excitement and speculation. The fundamental questions are
whether p63 and p73 represent entirely novel pathways of
tumor suppression or rather something more tied to p53 itself.
Despite the strong evidence in favor of tumor suppressor ac-
tions of p73 and p63, the possibility remains that they are not
tumor suppressors at all but in fact tumor promoters under
certain pathological conditions. At present there is compelling
evidence for both sides. Much of the mouse genetics done to
date supports unique functions of these genes outside the
parochial realm of cancer biology rather than their tumor
suppressor actions. p63 appears essential for epithelial stem cell
maintenance (32) while p73 governs a wide range of cellular
responses including pheromone signaling, secretion, and
inflammation. Most importantly, p73 null mice show no
increase in rates of tumor formation suggesting no obvious link
to tumor suppression (34). That being said, there is good
evidence that p53 activity is defective in cells lacking p63 and
p73 and that these genes play an integral role in the activity



of our most important tumor suppressor. It is in view of this
evidence that several groups have proposed to base gene
therapy strategies on introducing p63 or p73 expression
constructs to complement the mutation or loss of function of
p53. Such approaches are in early stages but worth anticipating
and developing. More concerning and possibly more
physiologically relevant is the notion that 4/N- isoforms of p73
and p63 can impact negatively on p53 activity. The basis for
this is already present in progenitor cell populations of many
epithelial tissues where p63 is highly expressed. Whether this
fact translates into early stages of tumorigenesis of these tissues
is unknown at present, but the high expression of these
potentially dominant negative factors clearly establishes a
unique situation with regards to p53 activity. With increasing
reports that various squamous cell carcinomas overexpress
N-p63, strategies to promote the degradation or transcriptional
suppression of this gene, together with siRNA technologies,
may herald new means of treating these recalcitrant tumors.

REFERENCES

1. Agami R, Blandino G, Oren M, Shaul Y. Interaction of c-Abl
and p73alpha and their collaboration to induce apoptosis.
Nature 1999;399:809-813.

2. Augustin M, et al. Cloning and chromosomal mapping of the
human p53-related KET gene to chromosome 3q27 and its
murine homolog Ket to mouse chromosome 16. Mamm
Genome 1998;9:899-902.

3. Bergamaschi D, Gasco M, Hiller L, Sullivan A, Syed N,
Trigiante G, Yulug I, Merlano M, Numico G, Comino A,
Attard M, Reelfs O, Gusterson B, Bell AK, Heath V, Tavas-
soli M, Farrell PJ, Smith P, Lu X, Crook T. P53 polymorp-
hism influences response in cancer chemotherapy via modula-
tion of p73-dependent apoptosis. Cancer Cell 2003;3:387-402.

4. Brodsky MH, et al. Drosophila p53 binds a damage response
element at the reaper locus. Cell 2000;101:103-113.

5. Di Como CJ, Gaiddon C, Prives C. P73 function is inhibited
by tumor-derived p53 mutants in mammalian cells. Mol Cell
Biol 1999;19:1438-1449.

6. Donehower LA, Harvey M, Slagle BL, McArthur MJ, Mont-
gomery CA Jr, Butel JS, Bradley A. Mice deficient for p53
are developmentally normal but susceptible to spontaneous
tumours. Nature 1992;356:215-221.

7. Flores ER, Tsai KY, Crowley D, Sengupta S, Yang A, Mc-
Keon F, Jacks T. P63 and p73 are required for p53-dependent
apoptosis in response to DNA damage. Nature 2002;416:
560-564.

8. Geddert H, Kiel S, Heep HJ, Gabbert HE, Sarbia M. The role
of p63 and deltaNp63 (p40) protein expression and gene
amplification in esophageal carcinogenesis. Hum Pathol 2003;
34:850-856.

9. Gerhard J, Kirschner M. Cells, Embryos, and Evolution. Black-
well Science, Malden, MA. 1997.

10. Gong JG, et al. The tyrosine kinase c-Abl regulates p73 in
apoptotic response to cisplatin-induced DNA damage. Nature
1999;399:806-809.

11. Heselmeyer K, et al. Gain of chromosome 3q defines the
transition from severe dysplasia to invasive carcinoma of the
uterine cervix. Proc. Natl Acad Sci USA 1996;93:479-484.

12. Hibi K, Trink B, Patturajan M, Westra WH, Caballero OL,
Hill DE, Ratovitski EA, Jen J, Sidransky D. AIS is an onco-
gene amplified in squamous cell carcinoma. Proc Natl Acad
Sci USA 2000;97:5462-5467.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Frank D. McKeon : P53 Family in Cancer 11

Irwin M, Marin MC, Phillips AC, Seelan RS, Smith DI, Liu
W, Flores ER, Tsai KY, Jacks T, Vousden KH, Kaelin WG
Jr. Role for the p53 homologue p73 in E2F-1-induced apopto-
sis. Nature 2000;407:645-6438.

Irwin MS, Kondo K, Marin MC, Cheng LS, Hahn WC, Kaelin
WG Jr. Chemosensitivity linked to p73 function. Cancer Cell
2003;3:403-410.

Jost CA, Marin MC, Kaelin WG Jr. P73 is a simian p53-related
protein that can induce apoptosis. Nature 1997;389:191-194.
Kaghad M, Bonnet H, Yang A, Creancier L, Biscan JC, Valent
A, Minty A, Chalon P, Lelias JM, Dumont X, Ferrara P,
McKeon F, Caput D. Monoallelically expressed gene related
to p53 at 1p36, a region frequently deleted in neuroblastoma
and other human cancers. Cell 1997;90:809-819.

Levine A. P53, the cellular gatekeeper for growth and division.
Cell 1997;88:323-331.

Lissy NA, Davis PK, Irwin M, Kaelin WG, Dowdy SF. A
common E2F-1 and p73 pathway mediates cell death induced
by TCR activation. Nature 2000;407:642-645.

Marin MC, Jost CA, Brooks LA, Irwin MS, O’Nions J, Tidy
JA, James N, McGregor JM, Harwood CA, Yulug IG, Vous-
den KH, Allday MJ, Gusterson B, Ikawa S, Hinds PW, Crook
T, Kaelin WG Jr. A common polymorphism acts as an intrage-
nic modifier of mutant p53 behaviour. Nat Genet 2000;25:47-
54.

Ollmann M. Drosophila p53 is a structural and functional
homolog of the tumor suppressor p53. Cell 2000;101:91-101.
Osada M, et al. Cloning and functional analysis of human p51,
which structurally and functionally resembles p53. Nat Med
1998;4:839-843.

Pediconi N, Ianari A, Costanzo A, Belloni L, Gallo R, Cimino
L, Porcellini A, Screpanti I, Balsano C, Alesse E, Gulino A,
Levrero M. Differential regulation of E2F1 apoptotic target
genes in response to DNA damage. Nat Cell Biol 2003;5:
552-558.

Phillips AC, Vousden KH. E2F-1 induced apoptosis. Apoptosis
2001;6:173-182.

Pozniak CD, Radinovic S, Yang A, McKeon F, Kaplan DR,
Miller FD. An anti-apoptotic role for the p53 family member,
p73, during developmental neuron death. Science 2000;289:
304-306.

Redon R, Muller D, Caulee K, Wanherdrick K, Abecassis J,
du Manoir S. A simple specific pattern of chromosomal aberra-
tions at early stages of head and neck squamous cell carcino-
mas: PIK3CA but not p63 gene as a likely target of 3g26-gter
gains. Cancer Res 2001;61:4122-4129.

Senoo M, Seki N, Ohira M, Sugano S, Watanabe M, Inuzuka
S, Okamoto T, Tachibana M, Tanaka T, Shinkai Y, Kato H.
A second pS53-related protein, p73L, with high homology to
p73. Biochem Biophys Res Commun 1998;30:603-7.

Stiewe T, Putzer BM. Role of the p53-homologue p73 in
E2F1-induced apoptosis. Nat Genet 2000;26:464-469.

Trink B, Okami K, Wu L, Sriuranpong V, Jen J, Sidransky
D. A new human p53 homologue. Nat Med 1998;4:747-748.
White E, Prives C. DNA damage enables p73. Nature 1999;
399:734-735.

Versteeg R, et al. 1p36: every subband a suppressor? Eur. J.
Cancer 1995;31:538-541.

Yang A, Kaghad M, Wang Y, Gillett E, Fleming MD, Dotsch
V, Andrews NC, Caput D, McKeon F. P63, a p53 homolog
at 3q27-29, encodes multiple products with transactivating,
death-inducing, and dominant-negative activities. Mol Cell
1998;2:305-316.

Yang A, Schweitzer R, Sun D, Kaghad M, Walker N, Bronson
RT, Tabin C, Sharpe A, Caput D, Crum C, McKeon F. p63
is essential for regenerative proliferation in limb, craniofacial



12 Cancer Research and Treatment 2004;36(1)

and epithelial development. Nature 1999;398:714-718.

33. Yang A, Kaghad M, Caput D, McKeon F. On the shoulders
of giants: p63, p73 and the rise of p53. Trends Genet 2002;18:
90-95.

34. Yang A, McKeon F. P63 and P73: P53 mimics, menaces and
more. Nat Rev Mol Cell Biol 2000;1:199-207.

35. Yang A, Walker N, Bronson R, Kaghad M, Oosterwegel M,

36.

Bonnin J, Vagner C, Bonnet H, Dikkes P, Sharpe A, McKeon
F, Caput D. P73-deficient mice have neurological, pheromonal
and inflammatory defects but lack spontaneous tumours. Na-
ture 2000;404:99-103.

Yuan ZM, et al. P73 is regulated by tyrosine kinase c-Abl in

the apoptotic response to DNA damage. Nature 1999;399: 814-
817.




